Background and objectives: Academic leagues have been consolidated as instruments of medical teaching and for the introducing of medical students to practice of specialties, including anesthesiology. As the role of leagues in the development process of competencies and learning of their students is not well known, the learning of members of an anesthesiology academic league was evaluated after participating in its activities for one year.
INTRODUCTION
The growth of academic leagues in Brazil and their process of regional and national organization in the last years are highlighted. The Brazilian Association of Medical Academic Leagues was created in 2006 1 . In 2010, the Faculdade de Medicina da Universidade de São Paulo registered 62 leagues in activity 2 .
Academic leagues are associations of students from different years of medical school that are oriented and supervised by professors and professionals connected to an educational institution or hospital to carry out educational, assistential, research and science outreach activities in a certain medical specialty or area. Among different teaching techniques in medicine, the leagues have become more important in students' education as extracurricular activity due to its potential to contribute with medical teaching 3 .
The contact with anesthesiology within the core curriculum of medical undergraduation varies depending on the institution, but it is usually limited, not only in Brazil, but also in other countries 4, 5 . Nowadays, our institution provides a regular course to 4 th year undergraduate students. There is no internship in anesthesiology during the two years of internship 6 .
The main mission of Anesthesiology, Pain and Intensive Therapy League of Faculdade de Medicina da Universidade de São Paulo (LADTI from Portuguese) is to provide students with the opportunity to get closer to anesthesiology, to reinforce basic knowledge in the specialty and to develop some basic skills.
The evaluation of students' learning is a constitutive element of all teaching-learning process and development of competencies 7 . Competence, in medicine, was defined by Epstein and Hundert 8 as "customary and wise use of communication, knowledge, technical skills, clinical reasoning, emotions, values and reflexions in daily practice for benefiting both individuals and communities".
To evaluate the evolution of knowledge of member students of an academic league, such as LADTI, it is essential to determine its value as a teaching technique of medical competences; in anesthesiology in this case. The evaluation has a fundamental role so that people and institutions involved in medical education identify and respond to their own learning needs 9 .
Even though more modern evaluation models, like simulations, are more appropriate to evaluate diagnostic reasoning and application of knowledge, it was evidenced that objective tests of multiple choice can meet the five criteria for a proper evaluation 7, 10 : reliability (data consistency), validity to measure what is proposed, impact in learning and future practice, acceptability and cost 11 . Multiple choice tests are useful to evaluate knowledge and problem resolution, especially after a course. They also have the merit of evaluating different areas of knowledge in a relatively short time, at low cost and with high reliability, in addition to enabling an easy analysis of the outcomes. Their main limitations are: difficulty to prepare questions and the possiblity of being corretly answered even if there is no real knowledge 7 .
The purpose of this study was to evaluate the learning of members of an anesthesiology academic league after a oneyear participation in the actitivies.
METHOD
A prospective population study was carried out between March and December 2010 at LADTI. All students who participated in LADTI's activities in 2010 were included. Medical students who stopped participating in LADTI during the year or refused to participate in the study were excluded from the analysis.
The evaluation instruments used in the study were two objective cognitive tests of multiple choice, each one consisting of 17 questions based on three levels of complexity according to Palmer et al. 10 (Table I ). The questions addressed basic anesthesiology topics mentioned during LADTI's activities and were classified according to the level of difficulty in: easy (5 questions), intermediate (6 questions) and difficult (6 questions).
A test was given to the LADTI students on the first day of activities (pre LADTI test). During the nine months of the study, LADTI provided their students with monthly lectures, practical activities instructed by anesthesiology residents, simulation of airway handling and control of oncologic pain, participation in 57 th Brazilian Congress of Anesthesiology and preparation of a review about basic anesthesiology subjects supervised by a professor or an assistant physician. The students' participation data were collected in those activities and 13 attendances were the maximum possible in the considered period. In the last day of activities a new test (post LADTI test) was applied, which kept the same distribution of characteristics of evaluated skills and number of questions by level of difficulty as in the pre LADTI test.
The outcomes of pre and post LADTI tests, the participation in the suggested activities, as well as gender, age and year of course data were organized in Microsoft Excel ® (Redmond, WA, USA) spreadsheets.
Based on the obtained data, the following hypothesis were tested: (a) was there an improvement in academic performance (higher grades)?; (b) is there a correlation between performance in post LADTI test and participationin the activities?; (c) is there a difference in students' performance according to the year coursed (3 rd , 4 th , 5 th , 6 th years)?
A descriptive analysis and verification of formulated hypotheses were conducted with non-parametric tests considering a 95% reliability interval, with SPSS v.15 for Windows and Minitab v.14 for Windows softwares.
RESULTS
There were 25 students in LADTI at the beginning of study. There was a follow-up loss of 4 students, who stopped participating in LADTI. One student refused to participate the study.
Student's profile and attendance to activities (descriptive population study)
Study's population was formed by 20 students, aged between 21-26 years, enrolled on 3 rd , 4 th , 5 th and 6 th years of the medical course of the institution (Table II) . The average age of participants at the end of LADTI was 22.8 years (21-26), with median and mode of 23.0 years and standard deviation of 1.2 years.
Right answers in pre and post ladti tests and participation in activities (Table III) The average of right answers in the first test (pre LADTI) was 8.1/17 (47.6%), and in the second test (post LADTI) was 11.9/17 (70%). The mode of right answers went from 9/17 in the pre LADTI test to 11/17 in the post LADTI, which was the same value of maximum grade obtained in the pre LADTI evaluation. The average attendance of students in the activities was 10.4/13 (80%), ranging from 3/13 (23.1%) to 13/13 (100%). Median and mode of participation were 11.0 with standard deviation of 2.7 (Table III) . A box graph was plotted to evaluate the relationship between participation in activities and the number of right answers in the tests taken 12 (Figure 1 ).
For the 3 rd year group, the average of right answers in the pre LADTI test was 6/17 (35.3%) and in the post LADTI test was 11.4/17 (67.1%). Among 4 th year students, these percentages of right answers in the pre and post LADTI tests were 8.8/17 (51.8%) and 12.5 (73.5%), respectively. In the 5 th and 6 th year groups (internship), average grades were 8.5/17 (50.0%) in the pre and 11/17 (64.7%) in the post LADTI tests (Figure 2) .
The Kolmogorov-Smirnov normality test was conducted for inference analysis with the purpose of evaluating the distribution of number of right answers in pre and post LADTI tests with regard to participation in the suggested activities. That indicated the absence of normal distribution to all three variables (p-values of 0.929; 0.804; 0.192, respectively). Thus, linear association between the participation in the suggested activities and the number of right answers in the post LADTI test was calculated by Pearson's test, which showed a statistically significant positive correlation between variables (r = 0.719; p < 0.001) (Figure 3 ). That showed a strong relationship between participation in the activities and improvement of grades between tests.
As normality assumptions were not met, non-parametric analysis techniques (Mann-Whitney and Kruskal-Wallis tests) were applied to locate the differences between groups, according to the hypotheses suggested by this study. A significant difference between the average of right answers in pre LADTI test (8.1/17) and post LADTI (11.9/17) was found (p < 0.05).
The Kruskal-Wallis test was used in order to compare the difference between the performance in tests and the participation in the suggested activities according to the course year and the age of the students in this study. It was observed that the performance of 3 rd year students was significantly inferior in the pre LADTI tests when compared with grades of other years (p < 0.02). There was no difference between right answers of 4 th , 5 th and 6 th year (p > 0.05). On the other hand, in the post LADTI test all years had similar scores, namely, there was no statistical difference between grades of 3 rd , 4 th , 5 th and 6 th year in the last test.
When 3 rd , 4 th , 5 th and 6 th years were compared in relation to participation in the activities suggested by the league and to the age, no statistically significat difference was found (p > 0.05).
The Kruskal-Wallis test was conducted to check if there was any difference in students' performance in the post LADTI test according to the presence in activities suggested by LADTI and to the number of right answers in the pre LADTI test. Difference was found between students who participated in the league activities and their performance in the post LADTI test (p < 0.036). There was no association between right answers in the pre and post LADTI tests, indicating that the first grade obtained in the first test did not influence the number of right answers in the last one (p > 0.05). There was no statistically significant difference (p > 0.05) between grades in the pre LADTI and post LADTI tests or between attendances according to gender.
DISCUSSION
In this study, the main observed outcome was the increased performance of students in cognitive tests applied after participating in LADTI's activities. This growth showed linear correlation with participation in the suggested activities.
Together with the increased grade average from pre to post LADTI test, the permanence of variability between minimum and maximum grades in both leads to the conclusion that there was a relatively uniform improvement in students' performance. The maximum number of right answers in the pre LADTI test is the same mode value in the post LADTI test (11/17) , and the average number of right answers on the first test (8.1/17) is equivalent to the minimum value on the second test (8/17) .
The limited size of the analyzed sample was determined by the restricted number of LADTI participants. It did not allow a factorial analysis of the data obtained and has hindered more statistical inferences, since it is a group of volunteers and not a randomized sample. The results apply to the own group and cannot be generalized yet. Therefore, more studies with larger sample size are necessary.
However, this is a pioneer study for objectively evaluating the students' learning in an academic league. Notwithstanding the great number of leagues and their growth, few studies on the subject describe activities developed by the leagues [13] [14] [15] , evaluate students' satisfaction, describe the reasons for the student's interest in the leagues, or even their scientific production 13, 16 . Improvement in learning among students participating in academic leagues had not yet been demonstrated, as highlighted in this article.
This study shows that, in addition to the higher number of right answers in the post LADTI test in comparison to the pre LADTI test, there was a strong positive association between performance improvement and participation in the suggested activities. This study indicates that students with higher attendance to the activities tend to have increased growth in performance in relation to the grade of the first test and when compared to the population. On the other hand, the applied tests detected deficiency in the personal performance of students who had smaller participation.
A limitation of this study was the absence of a group of students with similar characteristics not undergoing LADTI's activities as a control group to study if the evolution in the test performance could be explained solely by the participation in the league or if there are other factors impacting in the increased performance.
Comparing the different years of medical undergraduation, the 3 rd year had worse grades when compared with other years on the first test. This was expected as in our institution, students only begin the formal contact with the practice of surgical specialties in the clinical cycle of the course (3 rd and 4 th year) 6 .
The highest increase of grades was observed in the 3 rd year and no difference was found in the post LADTI grades among different years of undergraduation. That means that for LADTI students who had no contact with anesthesiology yet, the league impact is even greater than for those who had already studied this subject at university. However, at the end of LADTI, all groups showed improvement in performance. In other words, the activities suggested by league fostered the development of the knowledge of anesthesiology among students regardless of the year studied. Again, the small sample limits generalization of these findings.
The learning and improved cognitive performance evidenced in this study reinforce the importance of academic leagues in the medical students' education and can mean competence gain in the specialty 3, 13 .
In addition to this aspect, as students are dealing with a subject of their interest in an environment built and managed by themselves and are under the guidance of a professor, it is possible to acquire knowledge and experience, to develop clinical-scientific reasoning and to foster team work. Such skills may be transferred to different areas in the practice of medicine 16 ; for instance, anesthesiology training centers.
Characteristics like the constant search for learning, communication and interpersonal relationships that may be developed among students in an academic league environment are within the ones identified by Smith et al. 17 as important for the excellence in the anesthetic practice.
Although there is criticism about the fact that academic leagues may induce early specialization of undergraduate students, distorting the moment of their general education 3, 16 , academic leagues are useful instruments to bring medical students closer to the reality of specialties, including anesthesiology. They also stimulate the interest in teaching, research and science outreach fundaments 13, 18 .
Observing medical schools in Brazil and abroad, there is a great variability in the way anesthesiology is taught at undergraduation courses. Its space is usually limited when compared with other subjects and is sometimes restricted to sparse training 4, 5 . In teaching hospitals where this specialty is well-structured, anesthesiologists deal not only with intraoperative anesthetic handling, but also with perioperative medicine, pain medicine and critical patient care 5, 19 .
Undergraduation is the ideal moment to expose students to the challenges in anesthesiology and to identify who is interested in persuing a career in the specialty 5 . The contact with anesthesiology is important not only due to the fundamental knowledge of the subject to the physician (regardless of his future practice); it is also clear the importance of the contact with professionals and professors when students are to choose their specialty. Positive models in anesthesiology teaching are usually identified among those who choose this specialty 20, 21 . The little contact in undergraduation may estrange students from certain specialties 22 .
Academic leagues may contribute to this choice process and stand out as a feasible alternative by providing contact with anesthesiology when the space in the basic curriculum of medical undergraduation is limited. They are also a way of promoting acquisition of knowledge in the specialty as demonstrated in this study, thus contributing to the academic education of students.
Subsequent, controlled studies and with a greater number of students are required to increase evaluation consistency of the impact of leagues on students' learning, perhaps leading to the inclusion of this teaching process as a suggestion for teaching centers of the Brazilian Society of Anesthesiology.
CONCLUSION
Students who participated in the activities of Anesthesiology, Pain and Intensive Therapy League had an improved outcome in applied knowledge evaluation tests (increase in the average of right answers from 8.1 to 11.9/17). Participation in the suggested activities had a strong linear association with improved performance.
Studies with more students are necessary to confirm the positive impact of academic leagues on learning.
